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Abstract 
Interest in mitochondrial influences on extended longevity has been mounting, as demonstrated 
by a growing literature. Such work has demonstrated that some haplogroups are associated with 
increased longevity and that such associations are population-specific. Most previous work 
however, suffers from the methodological shortcoming that long-lived individuals are compared 
with “controls” who are born decades after the aged individuals were. The only true controls of 
the elderly are people who were born on the same time period, but who did not have extended 
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longevity. Here we present results of a study in which we are able to test if longevity is 
independent of haplogroup type, controlling for time period, by using mitochondrial DNA 
genealogies. Since mtDNA does not recombine, we know the mtDNA haplogroup of the 
maternal ancestors of our living participants. Therefore, we compare the haplogroup of people 
with and without extended longevity, who were born during the same time period. Our sample is 
an admixed New World population which has haplogroups of Amerindian, European and 
African origin. We show that women who belong to Amerindian, European and African 
haplogroups do not differ in their mean longevity. Therefore, to the extent that ethnicity was tied 
in this population to mtDNA make up, such ethnicity did not impact longevity. In support of 
previous suggestions that the link between mtDNA haplogroups and longevity is specific to the 
population being studied, we found an association between haplogroup C and decreased 
longevity. Interestingly, the lifetime reproductive success and the number of grandchildren 
produced via a daughter of women with haplogroup C are not reduced. Our diachronic approach 
to the mtDNA and longevity link allowed us to determine that the same haplogroup is associated 
with decreased longevity during different time periods, and allowed us to compare the 
haplogroup of short and long-lived individuals born during the same time period. By controlling 
for time period, we minimize the effect of different cultural and ecological environments on 
differential longevity. With our diachronic approach, we investigate the mtDNA and longevity 
link with a biocultural perspective. 
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The possible role of the mitochondria in extending longevity has been investigated recently. 
Some researchers have chosen to focus on specific longevity-associated polymorphisms (LAPS) 
or have sequenced entire chromosomal regions (Castri et al., 2009; Lv et al., 2010; Nijiati et al., 
2013; Raule et al., 2014; von Wurmb-Schwark et al., 2010; Yang et al., 2012), finding 
associations between markers and extended longevity. Others have chosen to focus on 
haplogroups, reporting that some haplogroups extend longevity (Cai et al., 2009; Courtenay et 
al., 2012; Dominguez-Garrido et al., 2009; Feng et al., 2011; Guney, Ak, Atay, Ozkaya, & 
Aydin, 2014; Nishigaki, Fuku, & Tanaka, 2010). A few papers report no association between 
mtDNA haplogroups and longevity (Costa et al., 2009; Pinos et al., 2012), and no paper reports a 
negative effect of mtDNA haplogroups on longevity. A review of these papers indicates that the 
association between markers such as the C150T SNP and extended longevity is well established 
[see (Castri et al., 2009) and references therein], while the association between haplogroups and 
longevity is population-specific (Raule et al., 2014; Zapico & Ubelaker, 2013). Unfortunately, 
haplogroup and longevity studies have been limited to a small number of populations, 
predominantly Chinese (Cai et al., 2009; Feng et al., 2011; Lv et al., 2010; Yang et al., 2012), 
Japanese (Nishigaki et al., 2010), and European (Courtenay et al., 2012; Dominguez-Garrido et 
al., 2009; Guney et al., 2014; Pinos et al., 2012) [see (Castri et al., 2009) for older citations] and 
have only worked with living subjects. It is striking that even though there is a large literature 
reporting Amerindian haplogroups (Carvajal-Carmona et al., 2003; Gomez-Carballa et al., 2012; 
Kashani et al., 2012; Kolman & Bermingham, 1997; Martinez-Cortes et al., 2013; Mizuno et al., 
2014; Rickards, Martinez-Labarga, Lum, De Stefano, & Cann, 1999; Sandoval et al., 2009; Sans, 
Figueiro, & Hidalgo, 2012; Santos, Ward, & Barrantes, 1994), no study before us has determined 
if haplogroup affects longevity in an Amerindian-derived population. A cross-cultural and 
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biocultural approach to the study of the link between longevity and mtDNA haplogroups 
demands the inclusion of diverse populations. Otherwise, we do not have a complete view of the 
effects of cultural and genetic variation on human longevity. 
 A problem of studies on the link between mtDNA haplogroups and longevity is that they 
usually work with living subjects. Therefore, we do not know if the association between 
extended longevity and haplogroup reported by these papers would have been in place in 
previous centuries, under a different historical and ecological setting. As Lewis and Brunner 
note, any genetic influence on longevity is likely to vary by time and place (Lewis & Brunner, 
2004). 
 A common methodological problem of these studies is the lack of correspondence 
between the generation of controls and long-lived subjects, because the controls are decades 
younger than are aged subjects (Cai et al., 2009; Nijiati et al., 2013; Pinos et al., 2012). The only 
true controls of long-lived subjects are those who were born during the same time period and 
lived in the same ecological and socio-cultural milieu as did aged subjects, but who did not have 
extended longevity (Castri et al., 2009; Lewis & Brunner, 2004). 
 A question left unanswered by most of the papers on the effect of mtDNA make up on 
longevity is whether long-lived individuals have increased lifetime reproductive success (LRS) 
and contribution to the next generation. If longevity is advantageous from a Darwinian-fitness 
perspective, we should expect to see a positive effect of extended longevity on the reproductive 
success of long-lived individuals. Therefore the advantageous mtDNA marker should be under 
positive selection and little additive genetic variance should be left in the gene pool (L. Madrigal, 
Relethford, & Crawford, 2003). Life time reproductive success has been used as a proxy for 
fitness among pre-industrial (Gillespie, Russell, & Lummaa, 2013) and industrial (Zietsch, Kuja-
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Halkola, Walum, & Verweij, 2014) populations. In fact, Zietsch et al. (2014) note that LRS is a 
valid proxy for fitness in a population that overlaps in time with the one analyzed in this paper.  
 Here we determine if there are mitochondrial haplogroups associated with longevity, 
lifetime reproductive success and number of grandchildren in a historic admixed New World 
population, controlling for time period. By using mtDNA lineages and genealogical methods, we 
are able to compare the longevity of the haplogroups in previous centuries. In an effort to 
determine if ethnicity is associated with fitness, we also test if European, African and 
Amerindian haplogroups have higher lifetime reproductive success or longevity. 
 
Materials and Methods 
The data consist of maternal genealogies started from 152 living subjects, all of whom lived in 
Atenas, Costa Rica. These participants were enrolled in the study using a random sampling 
strategy. Only adults able to give informed consent were recruited. The project was approved by 
the committee on bioethics of the University of South Florida and the Universidad de Costa Rica. 
The genealogies were reconstructed with records obtained from the Church Chancery and the 
National Document Register. Fieldwork, data collection and genealogical methods for the 
reconstruction of the genealogies are described elsewhere (Lorena Madrigal & Melendez-
Obando, 2008). MtDNA was extracted from 152 blood samples with standard procedures. The 
HVR-I of the mtDNA control region was amplified by PCR between nps 16024–16383 using 
primers H16401 and L15997. Both strands of the HVR-I were sequenced. In addition, seven 
binary PCR-restriction fragment length polymorphisms were typed, known to be specific to 
maternal lineages within America, Europe, and Africa, in order to help define the haplogroups, 
	  
	  
	   6	  
namely 1663HaeIII, 13592HpaI, 110397AluI,110871MnlI, 211251 Tsp509I, 113262 AluI, 
214766 MseI,and the COII/tRNAlys 9-bp deletion (Castri et al., 2009). 
 When genealogies coalesced on the same woman, she and her ancestors were counted 
only once for statistical analyses. Most genealogies are at least seven generations long, two are 
seventeen and thirteen generations long, and six are sixteen, fifteen, twelve and eleven 
generations long. Considering all individuals across all generations and all lineages, we have 
1172 individuals in our data set. Several families extend back to the 1500’s, as shown in figure 1.  
 Lifetime reproductive success is defined as the number of children produced who 
survived by the time of the woman’s death. In their paper considering proxies of reproductive 
success, Strassman and Gillespie (2003) favor using the method we use here, that is, the number 
of offspring at time of censoring. In our study, censoring occurs with the woman’s death 
(Strassmann & Gillespie, 2003). Number of grandchildren is defined as lifetime reproductive 
success (LRS) of one of the woman’s daughters. We acknowledge that a better measure of grand 
maternal reproductive success would have been the number of children produced by all of the 
woman’s daughters.  However, we only have information on one of each woman’s daughter’s 
LRS, one of her daughter’s LRS, and so forth, having started from the living participant and 
tracing her maternal genealogy back in time. The living women included in the present analysis 
were born in 1940 or before so that by the time of data collection (2003–2004) they were past 
their reproductive period.  
 The genealogical data were divided by twenty-year “generations”, by century and half 
century, to control for time period. Long-lived individuals were defined as living 80 years or 
more, while short-lived individuals were defined as living 40 years or less. As De Benedictis et 
al (2001) note, any definition of longevity is quite arbitrary (De Benedictis et al., 2001). 
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However, the 80+ cut off point is frequently used in the longevity-mtDNA literature [see (Castri 
et al., 2009) and references therein]; (Dominguez-Garrido et al., 2009; Niemi et al., 2005; Yang 
et al., 2012).  The ≤40 cut off point was chosen approximately following De Benedictis et al. (De 
Benedictis et al., 1999). 
 Frequency of haplogroups by longevity category (long-lived or short-lived) was tested 
with Fisher’s exact test. Fisher’s test is ideally suited for small sample sizes, as well as being 
extremely conservative (Niemi et al., 2005). Fisher’s exact test is applied to a 2X2 table, which 
tests if longevity is significantly different in two haplogroups. We also compute the relative risk 
of dying in a certain longevity category by haplogroup. In the context of this paper, the relative 
risk (RR) is the ratio of the probability of an event occurring (death) in an exposed group 
(belonging to a haplogroup) to the probability of the event occurring in a comparison, non-
exposed group (belonging to another haplogroup). 
 The mean longevity of haplogroups of Amerindian, European and African origin was 
compared with a non-parametric ANOVA. Normality of variables was tested with the Shapiro-
Wilks test. Significance was declared with a Bonferroni-corrected value equal to 0.002 
(Morrison, 1976). All statistical analysis was performed with SAS 9.4.  
 
Results 
As would be expected in an admixed New World population, our participants carry 
mitochondrial haplogroups from Native American, European and African origins, with an 
overwhelming preponderance of Amerindian haplogroups (88.82%). The most frequent 
Amerindian haplogroups are A (47.37%) and B (38.16%), whereas C and D are present at low 
frequencies (1.32 and 1.97% respectively). The remaining haplogroups are European, namely 
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haplogroups H (7.89%) and J (2.63%), while one haplogroup is African, namely haplogroup L4g 
(0.66%) [see (Castri et al., 2009) for more details].  
 Table 1 shows descriptive statistics for longevity, LRS and number of grandchildren for 
the entire period and divided by century of birth. From 1500’s to the 1900’s, longevity increased 
linearly, while LRS increased dramatically after the 1700’s, possibly indicating an improvement 
in life conditions. The number of grandchildren for 1900–1940 is low, an indication that the 
daughter of the woman had not finished or was controlling her fertility. Tests of normality 
indicate that LRS, number of grandchildren and longevity are not normally-distributed for two of 
the three centuries and for the entire period. The sample size for the entire period does not equal 
the sample sizes by century because of missing observations. 
 Table 2 shows the sample size, mean longevity, lifetime reproductive success (LRS) and 
number of grandchildren by haplogroup for the entire time period. Although both LRS and 
number of grandchildren are extremely similar across all haplogroups (p>0.05), longevity is not. 
The mean longevity of haplogroup C is in stark contrast with that of all other haplogroups at 44.5 
years of age, while the mean longevity of all the other haplogroups is at least 62 (see figure 2). 
The low mean longevity of haplogroup C is not due to an outlier, as all but one of the women 
had a longevity of less than 62 years. Neither is the decreased longevity of haplogroup C due to 
these women living during an earlier time period. In fact, the earliest year of birth of haplogroup 
C women was 1826. Therefore, the short mean longevity of these subjects is not due to their 
having been born in the 1500’s, 1600’s or 1700’s. Because of the non-normality of the variables 
and the Bonferroni-corrected statistical cut-off point, , results of an ANOVA indicating that the 
mean longevity by haplogroup for the entire period is significantly different (F=2.34, p=0.02; 
Figure 2) are not taken too seriously. When the same comparison was performed with a non-
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parametric ANOVA by century and for the entire period, the results were not significant (data 
not shown). 
 Results of Fisher’s exact test indicate that haplogroup C has a greater probability of dying 
young (at or before 40) than does haplogroup A (p = 0.0002). Similar tests yielded non-
significant results between haplogroup C and B, H, J and D. We obtained relative risks of dying 
young for haplogroup C in comparison with the other haplogroups. The relative risk was 
significant (did not overlap with one) for haplogroups C and A (RR=0.026, 95% CL=0.0065–
0.1032) and for haplogroups C and B (RR=0.2475, 95% CL=0.1026–0.5969). These relative 
risks mean that exposure (being in haplogroup C) is significantly associated with decreased 
longevity (the category of interest). 
 It was of interest to determine if mtDNA haplogroups of European, Amerindian and 
African origin had significantly different longevity, LRS and number of grandchildren. A 
generation, half-century and century comparison of longevity, LRS and number of grandchildren 
by haplogroup of origin was not possible because of the small sample sizes from Europe and 
Africa. Therefore, we grouped women of all time periods into one of three groups: European, 
Amerindian and African according to their haplogroup. A non-parametric comparison of 
longevity, LRS and number of grandchildren yielded non-significant results (data not shown). 
These results indicate that to the extent that ethnicity was linked to haplogroup origin, it did not 
affect the longevity or reproductive outcome of the women. 
 
Discussion 
To what extent is longevity influenced by one’s mtDNA make up? Researchers have shown that 
several mtDNA haplogroups are associated with increased longevity, but that these associations 
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are population-specific. Previously, Castrì et al. had shown the presence of longevity-associated 
polymorphisms (LAPS) in this data set (Castri et al., 2009).  Here we focus on the question of 
haplogroup and ethnic effects on longevity and lifetime reproductive success. We collected data 
on living people and  reconstructed their mitochondrial genealogies, reaching in a few cases to 
the 1500’s. This allows us to look at longevity and reproductive success with a diachronic 
perspective. Indeed, whereas all previous research on mtDNA haplogroup and longevity focused 
on living people, we looked at the relationship between mtDNA haplogroup, longevity and 
reproductive success in living as well as in dead subjects. It is important to look at populations of 
different time periods because otherwise we do not know if results indicating a link between a 
mtDNA haplogroup and longevity are specific to a particular historical, cultural and ecological 
setting. A strength of this paper is its historical perspective.  
 We are also the first group to study the relationship between mtDNA haplogroup, 
longevity and reproductive success in a New World admixed population, which includes 
haplogroups from Amerindian, European and African origin. It is important to investigate 
populations of different origins so that we determine whether results indicating a link between a 
mtDNA haplogroup and longevity are population-specific. Our data gave us the opportunity of 
asking whether the haplogroups of European origin had an increased longevity, as would be 
expected if European sectors of the community had better access to resources. We found no such 
advantage, which suggests that if ethnicity was tied to mitochondrial origin, ethnicity did not 
affect longevity, LRS and the number of grandchildren produced. A strength of this paper is its 
admixed New World sample.  
 We found a difference of 25 years between the mean longevity of haplogroup C and the 
combined mean of all other haplogroups. When we compared the frequency of individuals who 
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died in the ≤40 age category by haplogroup, we obtained significant results when haplogroup C 
was compared with haplogroup A. The relative risk of dying young was significant for 
haplogroup C in comparison with haplogroups A and B.  In sharp contrast with the decreased 
longevity of haplogroup C, its LRS and number of grandchildren did not differ when compared 
with the LRS and number of grandchildren of the other haplogroups. This indicates that the 
decreased longevity of individuals from haplogroup C did not compromise their reproductive 
output. Unfortunately, our data do not allow us to ascertain if the children of haplogroup C 
women experienced increased mortality after their mother’s comparatively early deaths. 
 A limitation of our study is its sample size, particularly the small number of haplogroup 
C individuals. In similar admixed Latin American populations [the Central Valley of Costa Rica, 
Mexican Mestizos, Antioquia in Colombia (Carvajal-Carmona et al., 2003; Martinez-Cortes et 
al., 2013), but not in Venezuela (Gomez-Carballa et al., 2012)], the C haplogroup is much less 
frequent than are the A or B haplogroups. This is also the case for many (though not all) Latin 
American indigenous communities [(Mizuno et al., 2014) and references therein]; (Rickards et 
al., 1999; Sandoval et al., 2009). Indeed, in a study among Costa Rica’s Huetar Indigenous 
population, the C haplogroup was absent (Santos et al., 1994). The fact that our sample has few 
haplogroup C participants simply reflects the variation of the population from which this sample 
was taken. The Atenas population, as well as the others cited above, has a low frequency of 
haplogroup C. Whether such low frequency is due to the shortened longevity we found in our 
study is an interesting question worth pursuing with a larger sample of living participants.  
 When we investigated the mtDNA haplogroups of aged individuals (>80) controlling for 
time period, we found that for all centuries, long-lived individuals did not differ significantly 
from controls in their mtDNA haplogroups. We are not the first group to find that the aged do 
	  
	  
	   12	  
not differ in their mtDNA haplogroup, as no difference was reported in samples from Tunisia, 
Spain and North Europe (Benn, Schwartz, Nordestgaard, & Tybjaerg-Hansen, 2008; Costa et al., 
2009; Pinos et al., 2012). Our results are particularly different from those reported in some 
European populations, in which the J haplogroup was found to be significantly associated with 
extended longevity (De Benedictis et al., 1999; De Benedictis et al., 2001; Niemi et al., 2003). In 
contrast, we found no association between extended longevity and the J haplogroup, a result also 
reported by others (Dato et al., 2004; Ross et al., 2001).  
 The fact that we found an association between decreased longevity and haplogroup C, 
which has not been reported before, might be explained by Raule et al.’s assertion that the effect 
of mitochondrial DNA variation on human longevity is influenced by the interaction between 
mutations in the mtDNA genome concomitantly inherited (Raule et al., 2014). Such inheritance 
may be at the root of the question why there are so many different longevity-mtDNA 
associations reported in the literature. 
 Most previous work on the mitochondrial bases of differential longevity has focused on 
individuals of unusually extended longevity rather than on individuals of unusually shortened 
longevity. We hope our results will spark interest in research on the mtDNA make up of short-
lived individuals. We also hope to see other studies which, by using mtDNA, will study 
mitochondrial DNA of long-lived individuals who lived in previous centuries using controls born 
during the same time period.  
 Our study has evolutionary and bio-cultural approaches to the topic of differential 
longevity and mtDNA haplogroup. By investigating if differential longevity affects differential 
lifetime reproductive success, we have addressed the possible connection between longevity and 
fitness. By controlling for generation and century of birth, we controlled for a myriad of 
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environmental, historic and cultural factors which could have influenced longevity. We have 
contributed cross-cultural data to an ever-growing literature on mitochondrial influences on 
differential longevity by analyzing an admixed New World population. We suggest that rather 
than focusing on extended longevity, we should be focusing on differential longevity and 
differential reproduction of individuals with different mitochondrial DNA make up.  
 
Acknowledgements 
This project was supported by a grant from the National Institutes of Aging (1-R03-AG022616-
01) to LM and by Italian Ministry of Universities and Research (MIUR) Grants to DP and DL. 
We dedicate this paper to the memory of Loredana Castrì and Ramón Villegas-Palma. 
 
Literature Cited 
Benn, Marianne, Schwartz, Marianne, Nordestgaard, Borge G., & Tybjaerg-Hansen, Anne. 
(2008). Mitochondrial haplogroups - Ischemic cardiovascular disease, other diseases, 
mortality, and longevity in the general population. Circulation, 117(19), 2492–2501. doi: 
10.1161/circulationaha.107.756809 
Cai, Xiao-yun, Wang, Xiao-feng, Li, Shi-lin, Qian, Ji, Qian, De-gui, Chen, Fei, . . . Jin, Li. 
(2009). Association of Mitochondrial DNA Haplogroups with Exceptional Longevity in a 
Chinese Population. Plos One, 4(7). doi: 10.1371/journal.pone.0006423 
Carvajal-Carmona, L. G., Ophoff, R., Service, S., Hartiala, J., Molina, J., Leon, P., . . . Ruiz-
Linares, A. (2003). Genetic demography of Antioquia (Colombia) and the Central Valley 
of Costa Rica. Human Genetics, 112(5–6), 534–541. doi: 10.1007/s00439-002-0899-8 
	  
	  
	   14	  
Castri, Loredana, Melendez-Obando, Mauricio, Villegas-Palma, Ramon, Barrantes, Ramiro, 
Raventos, Henrieta, Pereira, Reynaldo, . . . Madrigal, Lorena. (2009). Mitochondrial 
Polymorphisms Are Associated Both with Increased and Decreased Longevity. Human 
Heredity, 67(3), 147–153. doi: 10.1159/000181152 
Costa, Marta D., Cherni, Lotfi, Fernandes, Veronica, Freitas, Fernando, el Gaaied, Amel Ben 
Ammar, & Pereira, Luisa. (2009). Data from complete mtDNA sequencing of Tunisian 
centenarians: Testing haplogroup association and the "golden mean" to longevity. 
Mechanisms of Ageing and Development, 130(4), 222–226. doi: 
10.1016/j.mad.2008.12.001 
Courtenay, Monique D., Gilbert, John R., Jiang, Lan, Cummings, Anna C., Gallins, Paul J., 
Caywood, Laura, . . . Scott, William K. (2012). Mitochondrial Haplogroup X is 
associated with successful aging in the Amish. Human Genetics, 131(2), 201–208. doi: 
10.1007/s00439-011-1060-3 
Dato, S., Passarino, G., Rose, G., Altomare, K., Bellizzi, D., Mari, V., . . . De Benedictis, G. 
(2004). Association of the mitochondrial DNA haplogroup J with longevity is population 
specific. European Journal of Human Genetics, 12(12), 1080–1082. doi: 
10.1038/sj.ejhg.5201278 
De Benedictis, G., Rose, G., Carrieri, G., De Luca, M., Falcone, E., Passarino, G., . . . 
Franceschi, C. (1999). Mitochondrial DNA inherited variants are associated with 
successful aging and longevity in humans. Faseb Journal, 13(12), 1532–1536.  
De Benedictis, G., Tan, Q. H., Jeune, B., Christensen, K., Ukraintseva, S. V., Bonafe, M., . . . 
Yashin, A. I. (2001). Recent advances in human gene-longevity association studies. 
	  
	  
	   15	  
Mechanisms of Ageing and Development, 122(9), 909–920. doi: 10.1016/s0047-
6374(01)00247-0 
Dominguez-Garrido, Elena, Martinez-Redondo, Diana, Martin-Ruiz, Carmen, Gomez-Duran, 
Aurora, Ruiz-Pesini, Eduardo, Madero, Pilar, . . . Lopez-Perez, Manuel J. (2009). 
Association of mitochondrial haplogroup J and mtDNA oxidative damage in two 
different North Spain elderly populations. Biogerontology, 10(4), 435–442. doi: 
10.1007/s10522-008-9186-y 
Feng, Jie, Zhang, Jianyi, Liu, Ming, Wan, Gang, Qi, Keyan, Zheng, Chenguang, . . . Yang, Ze. 
(2011). Association of mtDNA haplogroup F with healthy longevity in the female 
Chuang population, China. Experimental Gerontology, 46(12), 987–993. doi: 
10.1016/j.exger.2011.09.001 
Gillespie, D. O. S., Russell, A. F., & Lummaa, V. (2013). THE EFFECT OF MATERNAL AGE 
AND REPRODUCTIVE HISTORY ON OFFSPRING SURVIVAL AND LIFETIME 
REPRODUCTION IN PREINDUSTRIAL HUMANS. Evolution, 67(7), 1964–1974. doi: 
10.1111/evo.12078 
Gomez-Carballa, Alberto, Ignacio-Veiga, Ana, Alvarez-Iglesias, Vanesa, Pastoriza-Mourelle, 
Ana, Ruiz, Yarimar, Pineda, Lennie, . . . Salas, Antonio. (2012). A melting pot of 
multicontinental mtDNA lineages in admixed Venezuelans. American Journal of 
Physical Anthropology, 147(1), 78–87. doi: 10.1002/ajpa.21629 
Guney, Ozgur, Ak, Handan, Atay, Sevcan, Ozkaya, Ali Burak, & Aydin, Hikmet Hakan. (2014). 
Mitochondrial DNA polymorphisms associated with longevity in the Turkish population. 
Mitochondrion, 17, 7–13.  
	  
	  
	   16	  
Kashani, Baharak Hooshiar, Perego, Ugo A., Olivieri, Anna, Angerhofer, Norman, Gandini, 
Francesca, Carossa, Valeria, . . . Torroni, Antonio. (2012). Mitochondrial haplogroup 
C4c: A rare lineage entering America through the ice-free corridor? American Journal of 
Physical Anthropology, 147(1), 35–39. doi: 10.1002/ajpa.21614 
Kolman, C. J., & Bermingham, E. (1997). Mitochondrial and nuclear DNA diversity in the 
Choco and Chibcha amerinds of Panama. Genetics, 147(3), 1289–1302.  
Lewis, S. J., & Brunner, E. J. (2004). Methodological problems in genetic association studies of 
longevity - the apolipoprotein E gene as an example. International Journal of 
Epidemiology, 33(5), 962–970. doi: 10.1093/ije/dyh214 
Lv, Ze-ping, Zheng, Chen-guang, Kong, Fang, Feng, Jie, Jiang, Wen-yu, Hu, Cai-you, . . . Yang, 
Ze. (2010). Study on the longevity related mitochondrial genome variation in Bama 
elderly population in Guangxi province. Zhonghua Yixue Yichuanxue Zazhi, 27(4), 423–
427. doi: 10.3760/cma.j.issn.1003-9406.2010.04.014 
Madrigal, L., Relethford, J. H., & Crawford, M. H. (2003). Heritability and anthropometric 
influences on human fertility. American Journal of Human Biology, 15(1), 16–22. doi: 
10.1002/ajhb.10109 
Madrigal, Lorena, & Melendez-Obando, Mauricio. (2008). Grandmothers' longevity negatively 
affects daughters' fertility. Am J Phys Anthropol, 136(2), 223–229. doi: 
10.1002/ajpa.20798 
Martinez-Cortes, Gabriela, Salazar-Flores, Joel, Haro-Guerrero, Javier, Rubi-Castellanos, 
Rodrigo, Velarde-Felix, Jesus S., Munoz-Valle, Jose F., . . . Rangel-Villalobos, Hector. 
(2013). Maternal admixture and population structure in Mexican-Mestizos based on 
	  
	  
	   17	  
mtDNA haplogroups. American Journal of Physical Anthropology, 151(4), 526–537. doi: 
10.1002/ajpa.22293 
Mizuno, F, Gojobori, J, Wang, L, Onishi, K, Sugiyama, S, Granados, J, . . . Ueda, S. (2014). 
Complete mitogenome analysis of indigenous populations in Mexico: its relevance for 
the origin of Mesoamericans. Journal of Human Genetics, 59, 359–367.  
Morrison, DF. (1976). Multivariat statistical methods (Second ed.). New York: McGraw-Hill 
Book Company. 
Niemi, A. K., Hervonen, A., Hurme, M., Kurhunen, P. J., Jylha, M., & Majamaa, K. (2003). 
Mitochondrial DNA polymorphisms associated with longevity in a Finnish population. 
Human Genetics, 112(1), 29–33. doi: 10.1001/s00439-002-0843-y 
Niemi, A. K., Moilanen, J. S., Tanaka, M., Hervonen, A., Hurme, M., Lehtimaki, T., . . . 
Majamaa, K. (2005). A combination of three common inherited mitochondrial DNA 
polymorphisms promotes longevity in Finnish and Japanese subjects. European Journal 
of Human Genetics, 13(2), 166–170. doi: 10.1038/sj.ejhg.5201308 
Nijiati, Muyesai, Saidaming, Abulajiang, Qiao, Jun, Cheng, Zuheng, Qiu, Changchun, & Sun, 
Yujing. (2013). GNB3, eNOS, and Mitochondria! DNA Polymorphisms Correlate to 
Natural Longevity in a Xinjiang Uygur Population. Plos One, 8(12). doi: 
10.1371/journal.pone.0081806 
Nishigaki, Yutaka, Fuku, Noriyuki, & Tanaka, Masashi. (2010). Mitochondrial haplogroups 
associated with lifestyle-related diseases and longevity in the Japanese population. 
Geriatrics & Gerontology International, 10, S221–S235. doi: 10.1111/j.1447-
0594.2010.00599.x 
	  
	  
	   18	  
Pinos, Toms, Nogales-Gadea, Gisela, Ruiz, Jonatan R., Rodriguez-Romo, Gabriel, Santiago-
Dorrego, Catalina, Fiuza-Luces, Carmen, . . . Lucia, Alejandro. (2012). Are 
mitochondrial haplogroups associated with extreme longevity? A study on a Spanish 
cohort. Age, 34(1), 227–233. doi: 10.1007/s11357-011-9209-5 
Raule, Nicola, Sevini, Federica, Li, Shengting, Barbieri, Annalaura, Tallaro, Federica, Lomartire, 
Laura, . . . Franceschi, Claudio. (2014). The co-occurrence of mtDNA mutations on 
different oxidative phosphorylation subunits, not detected by haplogroup analysis, affects 
human longevity and is population specific. Aging Cell, 13(3), 401–407. doi: 
10.1111/acel.12186 
Rickards, O., Martinez-Labarga, C., Lum, J. K., De Stefano, G. F., & Cann, R. L. (1999). 
mtDNA history of the Cayapa Amerinds of Ecuador: Detection of additional founding 
lineages for the native American populations. American Journal of Human Genetics, 
65(2), 519–530. doi: 10.1086/302513 
Ross, O. A., McCormack, R., Curran, M. D., Duguid, R. A., Barnett, Y. A., Rea, I. M., & 
Middleton, D. (2001). Mitochondrial DNA polymorphism: its role in longevity of the 
Irish population. Experimental Gerontology, 36(7), 1161–1178. doi: 10.1016/s0531-
5565(01)00094-8 
Sandoval, Karla, Buentello-Malo, Leonor, Penaloza-Espinosa, Rosenda, Avelino, Heriberto, 
Salas, Antonio, Calafell, Francesc, & Comas, David. (2009). Linguistic and maternal 
genetic diversity are not correlated in Native Mexicans. Human Genetics, 126(4), 521–
531. doi: 10.1007/s00439-009-0693-y 
	  
	  
	   19	  
Sans, Monica, Figueiro, Gonzalo, & Hidalgo, Pedro C. (2012). A New Mitochondrial C1 
Lineage from the Prehistory of Uruguay: Population Genocide, Ethnocide, and 
Continuity. Human Biology, 84(3), 287–305.  
Santos, M., Ward, R. H., & Barrantes, R. (1994). MTDNA VARIATION IN THE CHIBCHA 
AMERINDIAN HUETAR FROM COSTA-RICA. Human Biology, 66(6), 963–977.  
Strassmann, B. I., & Gillespie, B. (2003). How to measure reproductive success? American 
Journal of Human Biology, 15(3), 361–369. doi: 10.1002/ajhb.10154 
von Wurmb-Schwark, Nicole, Schwark, Thorsten, Caliebe, Amke, Drenske, Carolin, Nikolaus, 
Susanna, Schreiber, Stefan, & Nebel, Almut. (2010). Low level of the mtDNA(4977) 
deletion in blood of exceptionally old individuals. Mechanisms of Ageing and 
Development, 131(3), 179–184. doi: 10.1016/j.mad.2010.01.005 
Yang, Xiurong, Wang, Xinping, Yao, Huilu, Deng, Jixian, Jiang, Qinyang, Guo, Yafen, . . . 
Jiang, Hesheng. (2012). Mitochondrial DNA polymorphisms are associated with the 
longevity in the Guangxi Bama population of China. Molecular Biology Reports, 39(9), 
9123–9131. doi: 10.1007/s11033-012-1784-8 
Zapico, Sara C., & Ubelaker, Douglas H. (2013). mtDNA Mutations and Their Role in Aging, 
Diseases and Forensic Sciences. Aging and Disease, 4(6), 364–380.  
Zietsch, B. P., Kuja-Halkola, R., Walum, H., & Verweij, K. J. H. (2014). Perfect genetic 
correlation between number of offspring and grandoffspring in an industrialized human 
population. Proceedings of the National Academy of Sciences of the United States of 
America, 111(3), 1032–1036. doi: 10.1073/pnas.1310058111 
 
	  
	  
	   20	  
Table 1 
 
Summary statistics for longevity, life-time reproductive success, and number of grandchildren. 
Data for the entire period and by century.  
 
Descriptive statistics for entire period 
  Longevity LRS  Number of grandchildren 
Mean 68.52 8 7.25 
Standard deviation 17.65 3.68 3.96 
Sample size 574 706 671 
Shapiro-Wilk W p p<0.0001 p<0.0001 p<0.0001 
Birth date between 1900–1940 
  Longevity LRS  Number of grandchildren 
Mean 79.57 7.81 4.55 
Standard deviation 13.52 3.9 3.63 
Sample size 132 197 154 
Shapiro-Wilk W p p<0.0001 p<0.001 p<0.0001 
Birth date between 1800–1899 
  Longevity LRS  Number of grandchildren 
Mean 67.58 8.2 8.15 
Standard deviation 17.41 3.68 3.89 
Sample size 321 350 350 
Shapiro-Wilk W p p<0.003 p<0.0005 0.0001 
Birth date between 1700–1799 
  Longevity LRS  Number of grandchildren 
Mean 60 8.51 8.3 
Standard deviation 14.2 3.13 3.25 
Sample size 97 123 121 
Shapiro-Wilk W p P<0.92 P<0.1 0.12 
Birth date between 1600–1699 
  Longevity LRS  Number of grandchildren 
Mean 54.87 5.31 6.3 
Standard deviation 17.62 2.92 2.69 
Sample size 15 19 20 
Shapiro-Wilk W p p<0.28 p<0.04 0.83 
Birth date before 1600 
  Longevity LRS  Number of grandchildren 
Mean 54 6.22 7.08 
Standard deviation 27.13 3.34 3.33 
Sample size 9 23 26 
Shapiro-Wilk W p p<0.13 p<0.38 0.41 
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Table 2 
Mean longevity, life-time reproductive success and number of grandchildren by haplogroup. 
1500–1940. 
 
HG n Longevity LRS Grandchildren 
A 361 68.17 7.97 7.22 
B 262 69.87 8.09 7.23 
C 9 44.5 7.66 7 
D 19 62.05 8.15 7.1 
H 52 69.12 7.92 7.24 
H1b1 12 67.83 8.66 7.45 
J 26 72.85 7.43 6.7 
L4g 3 74.33 8 8.5 
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Figure 1 
 
A genealogy extending back to the 1500’s. Names have been removed. 
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Figure 2 
 
The mean longevity from 1500 to 1940 by haplogroup. 
 
 
